To investigate the effect of body mass index (BMI) and body fat distribution as measured by waist-to-hip ratio (WHR) on the cardiovascular risk factor profile of the three major ethnic groups in Singapore (Chinese, Malay and Indian people) and to determine if WHO recommended cut-off values for BMI and WHR are appropriate for the different sub-populations in Singapore. DESIGN: Cross-sectional population study. SUBJECTS: A total of 4723 adult subjects (64% Chinese individuals, 21% Malay individuals and 15% Indian individuals) were selected through a multi-staged sampling technique to take part in the National Health Survey in 1998. MEASUREMENTS: Data on socio-economic status (education level, occupation, housing type) and lifestyle habits (smoking and physical activity), body weight, body height, waist and hip circumferences and blood pressure measured using standardised protocols. Fasting venous blood samples were obtained for determination of serum total cholesterol (TC), high density lipoprotein cholesterol (HDL), low density lipoprotein cholesterol (LDL), triglycerides (TG). Venous blood samples were taken for 2 h oral glucose tolerance test (2 h glu). RESULTS: Absolute and relative risks for at least one cardiovascular risk factor (elevated TC, elevated TC=HDL ratio, elevated TG, hypertension and diabetes mellitus) were determined for various categories of BMI and WHR. At low categories of BMI (BMI between 22 and 24 kg=m 2 ) and WHR (WHR between 0.80 and 0.85 for women, and between 0.90 and 0.95 for men), the absolute risks are high, ranging from 41 to 81%. At these same categories the relative risks are significantly higher compared to the reference category, ranging from odds ratio of 1.97 to 4.38. These categories of BMI and WHR are all below the cut-off values of BMI and WHR recommended by WHO.
Introduction
Obesity has recently been viewed as a global epidemic by the World Health Organization (WHO), with likelihood of the situation worsening, not only in developed countries, but also in developing countries with changes in dietary habits and activity levels. The issue of rising obesity rates and its comorbidities is recognised by many Asian countries, such as China (including Hong Kong), Japan, Korea, Malaysia and India, as was presented during the Asian BMI=Obesity Workshop Meeting (9th European Congress on Obesity, Milan 1999).
According to the WHO, obesity is defined as a condition with excessive fat accumulation in the body to the extent that health and well-being are adversely affected. 1 Although there are many methods available for the measurement of body fat percentage (BF%) in vivo, most of these methods are not suitable for large-scale population studies. 2 It was shown in several studies that the body mass index (BMI), defined as weight=height squared (kg=m 2 ) is highly correlated with BF% and is thus a suitable surrogate parameter for defining obesity in large scale studies.
High values of BMI, in fact BF%, are closely linked to increased morbidity and mortality, among which cardiovascular diseases (CVD) is one of the most important causes of mortality. 1, 6, 7 Such relationships have been clearly established in a number of studies involving mainly Europids. For such populations, it has been found that the BMI cut-off points of ! 25 kg=m 2 for overweight and ! 30 kg=m 2 for obesity are appropriate as they are indicative of increased risk for co-morbidities and mortality. Based on these studies, the WHO has recommended the present cut-off points for overweight and obesity at BMI ! 25 and ! 30 kg=m 2 respectively. 1, 8 Similarly, abdominal body fat distribution as assessed by waist-to-hip circumference ratio (WHR) coincides with increased morbidity and mortality. 9 Cut-off points for elevated risk have been set by WHO at a WHR exceeding 0.85 and 1.00 for women and men, respectively. 1 In recent years many studies have shown that the relationship between BMI and BF% is different among ethnic groups, 10 -14 which may have consequences for the definition of obesity based on BMI. In a recent study it was shown that, for the same BF%, Singaporean people have a BMI that is 3 -4 kg=m 2 lower than European people, 15, 16 with slight differences between the three main ethnic groups in Singapore (Chinese, Malays and Indians). Based on the different relationships between BMI and BF% it may be questioned whether the WHO cut-off value for obesity of 30 kg=m 2 is appropriate for all populations, particularly for Singaporean people. 15 Obesity as an independent risk factor for CVD, particularly for coronary heart disease (CHD), has been documented in long-term prospective studies. 6 It also has been recognised that obesity mediates its effects by elevating other cardiovascular risk factors, viz dyslipidaemia (hypercholesterolaemia, hypertriglyceridaemia and low high-density lipoprotein (HDL) cholesterol), hypertension and glucose intolerance. 1,6 -8,17,18 The prevalence of obesity (BMI ! 30 kg=m 2 ) in Singapore in 1992 was 5%, 19 which is much lower than the prevalence in developed countries such as Finland, Australia, UK and the USA, whose obesity prevalence ranges from 12 to 22%. 1 On the other hand, the age-standardised deaths from ischaemic heart disease, at 100 per 100 000 population, is comparable to the same developed countries, whose rates are from 97 per 100 000 (Australia) to 125 per 100 000 (USA), 20 and higher than in other parts of Asia such as Japan (22 per 100 000) and Hong Kong (40 per 100 000). 20 Singapore is a multi-ethnic society with a population consisting of three main ethnic groups, Chinese people (76.9%), Malay people (14.0%) and Indian people (7.7%), 21 among which exist differences in cardiovascular risk factors as well as in cardiovascular mortality. 19,22 -25 The purpose of this study was to investigate the effect of BMI and body fat distribution as estimated by WHR on the cardiovascular risk factor profile of Singaporean people. For this purpose, data from the National Health Survey from 1998 were used. 26 The study also examined whether WHO recommended cut-off values for BMI and WHR are appropriate for three different sub-populations (Chinese, Malay and Indian) in Singapore.
Subjects and methods
The second National Health Survey (NHS) was conducted between September and November 1998. Based on data obtained during the first NHS in 1992, 19 a sample size of 5000 subjects was calculated to be sufficient to detect changes in prevalence in risk factors compared to 1992. The population selection was done in two phases. In the first phase of the survey 11 200 households were selected from the National Database on Dwellings maintained by the Department of Statistics. For logistical reasons and convenience only six community centres were selected as sites for the survey. These households were representative of the house type distribution of the whole housing population in Singapore. The selected households were notified by post, followed-up by house-visits to enumerate all members within the age range of 18 -69 y. In phase 2, a random sample of 7500 persons was selected, based on a disproportionate stratified sampling design, where all subjects from phase 1 were first stratified by age and ethnic group and then systematically selected. Malay people and Indian people were over-sampled to ensure sufficient sample size in these two ethnic groups. For such a sampling procedure, there were instances when two individuals from the same household were selected, but this is the exception rather than the rule. The ethnic composition of the final sample (n ¼ 4723) was 64% Chinese, 21% Malays and 15% Indians. There were no differences in the characteristics of the non-respondents and the subjects in the final sample. In the analysis, weight values were applied, where appropriate, to reflect the actual ethnic, age and gender distribution in the population.
Selected subjects were invited to visit the community centres on designated days and times, and shortly before the actual visit the subjects were reminded by phone when further detailed instructions were also given. A detailed description of the methodology is given elsewhere. 26 All survey field workers were briefed extensively on the survey methodology and underwent rigorous training in the survey procedures assigned to them. A one-day trial of the survey was conducted to hone the field worker's skills and familiarise them with the survey procedure.
The Ministry of Health and the National Medical Research Council in Singapore approved the study protocol and all subjects gave their written consent on the actual survey day.
An interview-administered questionnaire was used to get information about occupation, educational level, smoking habits (number of cigarettes smoked per day) and physical activity (number of sessions of aerobic activity engaged in per week).
Weight was measured in light indoor clothes without shoes using calibrated digital scales with an accuracy of 0.1 kg. Body height was measured with the Frankfurt plane Indices of obesity and co-morbidity in Singapore M Deurenberg-Yap et al horizontal, to the nearest 0.1 cm without shoes using wallmounted stadiometers. From weight and height the BMI (weight=height 2 , kg=m 2 ) was calculated. Waist was measured to the nearest 0.1 cm, midway between the lower rib margin and the iliac-crest at the end of a gentle expiration. 27 Measurements were taken directly on the skin. Hip circumference was measured to the nearest 0.1 cm over the great trochanters 8, 27 directly over the underwear. The WHR was calculated.
Overnight fasting blood samples were taken and plasma was separated and analysed on the same day. Total cholesterol (TC) was determined using an enzymatic method with a commercially available test kit (Boehringer Mannheim GmbH, test kit no. 1489704, Mannheim, Germany). HDLcholesterol (HDL) was determined by the homogeneous enzymatic test (Boehringer Mannheim GmbH, test kit no. 1731203, Mannheim, Germany). LDL cholesterol (LDL) was measured with the homogeneous turbidimetric method (Boehringer Mannheim GmbH, test kit no. 1730843, Mannheim, Germany). Fasting plasma glucose (FG) and plasma glucose after the 2 h oral glucose tolerance test (2 h glu) was measured enzymatically with the GOD-POD method (Boehringer Mannheim GmbH, test kit no. 1448684, Mannheim, Germany). Triglyceride (TG) was determined enzymatically with the GPO-PAP method (Boehringer Mannheim GmbH, test kit no. 1555626, Mannheim, Germany). All chemical analyses were done with a Boehringer Mannheim=Hitachi 747 analyser.
Blood pressure was measured using a standard mercury sphygmomanometer and a cuff of suitable size on the right arm after an adequate rest period of at least 15 min. Korotkoff phase I and phase V were used for systolic (SBP) and diastolic blood pressure (DBP), respectively. 28 Two measurements were taken for each subject with a 30 s interval between measurements. Cut-off values for hypertension were defined as SBP ! 140 mmHg and=or DBP ! 90 mmHg, 29 elevated TC as TC ! 6.2 mmol=l, elevated TC=HDL ratio as ratio ! 4.4, 30 elevated TG as TG ! 1.4 mmol=l 32 and diabetes mellitus as 2 h glu ! 11.1 mmol=l. 31 'At risk' was defined as having at least one of the above risk factors.
Subjects were assigned to categories of BMI and WHR using pre-set border values for given parameters as recommended by the International Obesity Task Force during the Asian BMI=Obesity Workshop Meeting in Milan in 1999. The number of persons at risk in each of these subgroups was calculated, stratified by gender.
To ensure that there were enough subjects in each subcategory for males and females, the data for all ethnic groups were pooled for the analysis of absolute risks and relative risks of having at least one risk factor by the BMI and WHR categories. This was also to enable that recommendations for BMI and WHR cut-off points would apply to the entire population rather than to subgroups on a national basis for public health purposes. Where applicable, ethnicity was controlled for in statistical analysis. Categories 1 (see Tables  3 and 4 for definition of categories) of BMI and WHR were used as reference categories for the computation of relative risks.
Statistical analyses were performed using SPSS 8.0.1.
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Values are given as mean AE s.d. Relative risk (odds ratio) with 95% confidence intervals was calculated using logistic regression during which confounding variables (age, ethnicity, occupational status, educational level, number of cigarettes smoked, BMI or WHR, physical activity levels) were adjusted for. A significance level of 0.05 was used.
Results
The study population comprised subjects from three ethnic groups, Chinese, Malay women and Indian women, aged 18 -69 y. The characteristics for the subjects by gender, ethnic groups and age group are shown in Table 1 30 Overall, the crude prevalence of obesity is highest among Malay people (16.5%), followed by the Indian people (13.3%) and Chinese people (3.7%). On the other hand, Indian people have the highest prevalence for high WHR (16.7%). The prevalence of elevated TC and hypertension is highest among Malay people (35.0 and 10.1%, respectively), while Indian people have the highest prevalence for elevated TC=HDL ratio (48.0%), elevated TG (30.8%) and diabetes mellitus (10.7%). The prevalences of obesity, abdominal fatness and individual risk factors for the different gender and ethnic groups are presented in Table 2 . The proportion of subjects with obesity, high WHR, elevated TC, elevated TC=HDL ratio, elevated TG, hypertension and diabetes mellitus are significantly different between ethnic groups (for both men and women) except for hypertension among men.
The prevalence of risk factors by gender and the categories of BMI and WHR are given in Tables 3 and 4 . As expected, proportion of subjects with the various risk factors increases with increasing categories of BMI and WHR. However, it is also evident that the various risk factors are manifested at Figure 1 shows the proportion of subjects with at least one risk factor (absolute risk) by gender and categories of BMI and WHR. Here it is shown that at low categories of these indices, high proportions of subjects have manifested at least one of the five risk factors. In BMI category 2 (BMI 22 -24 kg=m 2 ), 41% of women and 61% of men have at least one risk factor, whilst in WHR category 3 (WHR 0.75 -0.80 for women, 0.85 -0.90 for men) 28% of women and 59% of men experience at least one risk factor. When the data is weighted to reflect the actual age, gender and ethnic distribution of Singaporean people, it is found that 54% of Singaporean individuals with at least one risk factor (56% women, 54% men) have a 'normal' BMI below 25 kg=m 2 , while 90% (87% women, 92% men) of those with at least one risk factor have BMI below the obesity level (30 kg=m   2 ). For WHR, 85% of Singaporean people with at least one risk factor (68% women, 96% men) have a WHR below the cut-off values of 0.85 and 1.00 for women and men, respectively.
The relative risks (RR) of developing at least one risk factor are presented as odds ratios (OR) for the different gender and BMI=WHR categories in Tables 5 and 6 . Category 1 is used as the reference category for all the categories of indices. The risk is considered to be moderately increased when RR is between 2 and 3, and greatly increased when RR is > 3. For BMI categories, the risk of having at least one risk factor is greatly increased from category 3 ( ! 22 kg=m 2 ) onwards for men, and from category 5 ( ! 26 kg=m 2 ) onwards for women. Risk is significantly increased from category 4 of WHR ( ! 0.80 for women and ! 0.90 for men) for both men and Indices of obesity and co-morbidity in Singapore M Deurenberg-Yap et al women. All the categories with significantly increased risks are considered to be within the normal limits set by the WHO currently.
Discussion
In the process of determining the cut-off values of obesity and abdominal fatness appropriate for Singaporean people, two criteria were examined. One was that the cut-off values should coincide with increased body fat accumulation and the other was that there should be increased risks for the comorbidities associated with the indices of obesity. In a previous paper 15 it was shown that Singaporean people have a higher BF% for the same levels of BMI as European people and that, based on BF%, the BMI cut-off values for overweight and obesity should be 2 -3 kg=m 2 lower than the BMI, body mass index; WHR, waist-to-hip ratio; TC, total serum cholesterol; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; 2 h glu, 2 h plasma glucose. BMI, body mass index; HBP, high blood pressure (SBP ! 140 mmHg and=or DBP ! 90 mmHg); TC, total serum cholesterol; HDL, high density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; 2 h glu, 2 h plasma glucose.
Indices of obesity and co-morbidity in Singapore M Deurenberg-Yap et al recommended WHO value, at 23 and 27 kg=m 2 respectively. The current paper shows the relatively high prevalence beginning at low categories of BMI and WHR (BMI category 3 and WHR category 4) commonly regarded as 'normal' by WHO standards. This trend is similar for both gender and the three ethnic groups. The proportion of Singaporean people with at least one risk factor who are missed when the WHO's cut-off values are used for BMI and WHR is 90, 85 and 65%, respectively, indicating that these cut-off values are inappropriately high for Singaporean people. The findings of this study could be extrapolated to the general Singapore adult population as the sample was selected to ensure that there Indices of obesity and co-morbidity in Singapore M Deurenberg-Yap et al was adequate representation from all the three major ethnic groups over the adult age range living in Singapore. During data analysis, appropriate weight values were applied to reflect the ethnic, age and gender distribution in the population. When these high prevalence of population at risk are considered together with greatly increased relative risks of having at least one risk factor experienced at these levels, it is obviously necessary to re-examine the validity of WHO's cutoff values for the various indices of obesity for Singaporean people. During the computation of relative risks for BMI and WHR, subjects of all ethnic groups have been pooled to increase the power of the analysis, with correction for age, smoking habits, physical activity levels, educational levels, occupation status and other indices of obesity. When entered as a covariate in the multiple regression analysis, ethnicity was not found to have a significant impact on the ORs of the different categories of BMI and WHR (data not shown). Category 1 of BMI and WHR has been used as the reference category when computing RR (ORs) for cardiovascular risk for two main reasons. Firstly, a large proportion (21%) of the population fall within this category, without any appreciable clinical evidence of under-nutrition. Secondly, while the mean values for all risk factors are lowest (highest for HDL) in category 1 of the two indices, the absolute risks are already high in this category, with 17 and 16% of those in BMI category 1 and WHR category 1 respectively having at least one risk factor. Thus the use of category 1 as the reference category would not artificially inflate the ORs of the other categories.
The marked increase in absolute and relative risks with increasing categories of obesity indices is consistent with the high mortality from ischaemic heart disease experienced by Singaporean people (age standardised deaths at 100 per 100 000 population 20 ). The discrepancy between the high cardiovascular mortality and apparently low national obesity prevalence of 6% 26 (defined as BMI ! 30 kg=m 2 ) could be partially explained by the presence of excessive BF% among Singaporean people at low levels of BMI when compared to European people. 15 Based on percentage body fat and presence of risk factors, the currently recommended BMI cut-off values for overweight ( ! 25 kg=m 2 ) and obesity ( ! 30 kg=m 2 ) are not likely to be relevant for Singaporean people. BMI of ! 23 and ! 27 kg=m 2 as the cut-off values for overweight and obesity would be more consistent with the current findings. At these levels, 59% of those who are overweight and 78% of those who are obese would have at least one risk factor. The RR of having at least one risk factor would be moderately increased for overweight men and women and greatly increased for obese men and women. With these lowered cut-off values, the prevalence of overweight among Singaporean people would increase from 24 to 32% and obesity rates would be more than doubled, from 6 to 16%. These levels of obesity would then be consistent Indices of obesity and co-morbidity in Singapore M Deurenberg-Yap et al withcountrieswithcomparablelevelsofdeathsfromischaemic heart disease. 20 With WHR, the cut-offs are more difficult to determine, as there is currently no study that correlates the amount of abdominal fat with WHR among Singaporean people. From the present study based solely on the presence of at least one cardiovascular risk factor, the absolute risk increased fairly sharply from category 4 onwards (Figure 1b) . These are also the levels whereby relative risks become significant and are doubled (Table 5 ). These levels are below the cut-off values recommended by WHO. For purposes of identifying high risk cases, it would be necessary to lower cut-off values of WHR to 0.80 for women and 0.90 for men
The implications of lowering cut-off values for the indices of obesity are multi-faceted, in terms of public health policy, clinical management guidelines and economics. The actual costs of obesity and its co-morbidities (direct costs to the health systems and indirect costs to the individual and the community) have not been assessed in detail in Singapore. Judging by the estimated accrued direct costs that could be attributed to obesity and its co-morbidities, which ranged from NZ$135 million in New Zealand (population 3.6 million) to US$51.6 billion in the USA (population 274 million), 1 it could be assumed that a high economic burden (both direct and indirect costs) from obesity and its related co-morbidities could result if 'high risk' cases are missed for appropriate intervention measures.
Conclusion
It is recognised that the case for lowering of cut-off values would be strengthened if there were supporting longitudinal data on morbidity and mortality. However this study has shown that, at relatively low levels of indices of obesity (BMI) and fat distribution (WHR), absolute and relative risks of having at least one cardiovascular risk factor are increased remarkably among the three major ethnic groups in Singapore. These, in combination with the elevated BF% at low levels of BMI, suggest that the cut-off values presently recommended by WHO for these indices (BMI ! 30 kg=m 2 ; WHR ! 0.85 for women and ! 1.00 for men) are likely to be too high for Singaporeans. Appropriate cut-off values are necessary for the identification of high-risk individuals for further screening and intervention.
